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Abstract 
The article presents the analysis of the heat energy consumption for the fifty multi-apartment buildings. The analysis of the heat 
energy consumption has been made based on the real measured data in the period from year 2011 till the year 2015. For the last 
five years, building energy efficient topic has become more and more actual. Various governmental institutions, private 
companies and NGO had realized massive information campaign since 2010. However, the number of fully renovated buildings  
is very low. For example, in Riga less than 1% of multi-apartment buildings have been renovated since 2010. In the most cases 
buildings’ owners have replaced the old windows implemented local energy efficient measures such as hydraulic balance of 
heating and hot water systems, sealed entrance doors and windows in staircases etc. Moreover, the inhabitants have improved 
their habits and are able now to control their heat energy consumption. Information campaign have resulted in better 
understanding of the heat energy consumption, hot water consumption, ventilation principles etc. 
This study shows the dynamics of heat energy consumption during the last five years and analyzes how the minor technical 
improvements and behavior change have effected buildings’ heat energy consumption. 
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Peer-review under responsibility of the organizing committee of the SBE16 Tallinn and Helsinki Conference. 
Keywords: Heat consumption; apartment buildings; information campaigns; domestic hot water 
 
 
 
 
* Corresponding author. 
Available online at www.sciencedirect.com
 16 Published by Elsevier Ltd. This i  an open access article under the CC BY-NC-ND license 
(http://creativecommons. rg/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of the SBE16 Tallinn and Helsinki Conference.
946   Karina Tumanova and Anatolijs Borodinecs /  Energy Procedia  96 ( 2016 )  945 – 952 
1. Introduction 
Researches done in 2002 [1] had shown that building sector is about 40% of all the energy consumption in  
Europe. Renovation of existing building stock is an important issue in Europe since 1970ies. In Eastern European 
countries such as Latvia, Lithuania and Estonia problem of existing building energy efficiency has arisen since 
2000ies.    According to Latvia  Central Statistical Bureau the average total energy consumption of residential sector 
in Latvia was 287 kWh/m2 and for heating was 193 kWh/m2 taking into account climatic correction. Latvian  
research done in 2004 [2] have shown that annual specific heat consumptions measured for 100 mult i apartment 
building   was 177,70 kWh/m2 with climat ic corrections. Such relatively low heat consumption can be explain than 
in major cases indoor air temperature is kept at  18°C and by efficient build ing compactness factor. In addition  it  
should be mentioned that heating season usually starts in  mid-October and lasts until mid-April. This causes 
extremely low thermal comfort and requires additional electrical heaters in September, April and May.  
Compactness factor for typical soviet building varies from 0.25 to 0.35. Exist ing studies [3, 4] also highline 
importance of  promotion of energy efficiency measures for existing soviet multi apartment build ings. In order to 
reduce building energy consumption and to promote retrofitting of multi apartment build ings  Latvian governmental 
organizations, NGO and other public organization have launched active informat ion campaigns. Massive 
informat ion campaign is a key measure to  promote retrofitting o f mult i apartment  build ings and to increase 
inhabitants’ energy awareness. Study [2] have shown that through the active information campaign it is possible to 
achieve 5-10% reduction of buildings’ heat consumption . In addition, also data [5] highline the importance of 
informat ion campaigns and promotion of energy efficiency measures among end -users. One of the main campaign is  
“Let's live warmer” is implemented under ministry of economy since 2010. According to campaign data [6], total 
number of events from 2010 until 2014 was 198. More than 9130 participants participated in seminars, conferences 
and other events. The major role in informat ion campaign plays such organization as Riga Municipal Agency “Riga 
Energy Agency”, NGO Balt ic Environmental Forum Latvia, Establishment of Society Zemgale Regional Energy 
Agency” and education/research institution .  After short interview of involved organization, the following data was 
obtained. Riga Municipal Agency “Riga Energy Agency” and  NGO Balt ic Environmental Forum Latvia organize 
approximately   6 seminars on build ing energy efficiency per year.  The approximate number of seminars on build ing 
energy efficiency can be estimated as min.350. 
Fig.1 Number of renovated multi apartment buildings 
As it can be seen, the major peak of renovated building was in years 2013 – 2015.  The data for 2016 presents 
only projects started in 2015 and fin ished in 2016. The peak in  2013 –  2016 can be explained by availability of  EU 
funds which ensures co-financing for renovation works.  
In scope of this work, it is assumed that energy awareness campaign in Latvia should resulted not only in 
complex building renovation but also in wide implementation of individual measures such as window replacement, 
rational hot water usage and operation of ventilation systems.  
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2. Degree days for heating period   
In the territory of Latvia the amount of 4,000 degree days  is reached entirely. Latvia is completely located within  
the cold climatic zone, therefore energy efficiency measures are highly topical and it is possible to save a  
significant quantity of heat energy in this field.  
                                                                                                                                                                                                                   (1) 
 
Where, in the following formula: 
D – heating days per month; θi – indoor air temperature, °C; θa – average monthly outdoor air temperature, °C. 
 
The standard number of degree days is determined by monthly average temperatures in accordance with the 
specified Construction Standard of Latvia LBN 003-15 "Build ing climatology" [7]. The actual number of degree 
days per year is defined by the actual monthly average outdoor air temperatures during the heating season in the 
period of time from October until April.  
 Table 1 Number of degree days 
Month Amount of 
days 
Degree days of standard 
year 
Degree days of heating period in rating year 
2011 2012 2013 2014 2015 
September 30 243.0      
October 31 396.8 285.2 316.2 282.1 325.5 344.1 
November 30 537.0 399.9 412.3 381.0 447.0 387.0 
December 31 691.3 477.4 678.9 474.3 564.2 443.3 
January 31 765.7 620.0 629.3 722.3 716.1 561.1 
February 28 680.4 775.0 793.6 526.4 473.2 481.6 
March 31 638.6 533.2 496.0 675.8 412.3 415.4 
April 30 447.0 316.2 328.6 393.0 282.0 333.0 
May 31 266.6      
  4666.4 3406.9 3654.9 3454.9 3220.3 2965.5 
 
In Table 1  there is summarized the data on the actual calculated annual number of degree days in the 
corresponding year and the degree days number of a standard year. For the calcu lation of degree days number of the 
standard year there are specified monthly  average temperatures in  the Construction Standard of Latvia  LBN 003-15 
"Build ing climatology".[7] The actual number of degree days conform with a respective heating season time period 
from October to April including. Summing up the results it can be concluded that the actual number of degree days 
is different and fluctuates with the values ranging from 64% to 78% of the standard years number of degree days.  
3. Materials and methods  
For the research there have been selected 50 residential build ings, which  are connected to the centralized  heating 
supply system. In all residential buildings there have been set up the same parameters for the preparation of hot 
water, that means, the hot water temperature compiles +53 °C at the outlet of the heat exchanger and +55 °C in the 
last year. The heating mode is comfort, compiling + 20 ° C in the residential premises.  
A building's heat energy consumption consists of two components: the heating and the hot water preparation. Heat 
energy consumption is influenced by the difference between outdoor and indoor air temperatures . Heat energy 
consumption for the hot water preparation is affected by the population density (m²/person) and consumer's 
individual hot water consumption. 
The average annual heat energy consumption, MWh/m³, for the  hot water preparat ion has been determined for each 
residential house separately, this amount has been determined for the heating period based on the summer season 
¦  ),( aiDG TT
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heat energy consumption for domestic hot water as the weighted average in a respective heating season of the period 
from May up to October. Calculat ing the heat consumption for the hot water preparat ion for the winter months, it 
has been taken into consideration the reduction of cold water temperature in comparison to the summer period, when 
during the summer season the temperature of cold water in networks compiles an average value of + 12 °C, but 
during the winter season it represents an average value of + 5 °C. Furthermore, the weighted averages of the heat 
consumption are being increased by applying the coefficient of 1.11[8].  
4. The buildings heat energy consumption 
Figure 2 shows the heat energy consumption dynamics during the year (the average values include heat energy 
consumption for the heating and preparation of hot water, the graph has been constructed based on the average 
values between houses of the research). Analyzing the constructed graph, it can be seen that the heat consumption is 
not equal during the year. During the winter season when the outdoor air temperature is low, the heat consumption is  
higher and by decreasing dynamically, it reaches its minimum value during the summer season (from June to  
Fig.2 Heat  consumption dynamic 
 
August), when the heat energy has been supplied only for the hot water preparation and furthermore the cold water 
temperature is higher.  
To determine the annual average specific heat energy consumption, kWh/m², there have been taken into 
consideration the climatic conditions and population density level factors (the factors which cannot be influenced by 
consumers choice), that is a standardized annual specific heat energy consumption. The standardized annual specific 
heat energy consumption, kWh/m², is determined by the equation [8, 9]: 
 
                                                                          (2) 
 
 
Where the values are the following: 
qst – standardized specific heat energy consumption, kWh/m², per year; qheat – measured 4 pecific  heat energy 
consumption for premises heating in rating year , kWh/m² per year; qh.w.. – measured heat energy consumption for the 
hot water preparation in  rating year, kWh/m² per year, Gst – degree days of a standard year in favourable economical 
conditions; G – degree days of the heating period in  rating year; A –  heated area, m²;  30 –  standard occupancy level, 
m² per person; n – number of inhabitants, persons . 
Table 2 provides data on the standardized specific heat energy consumption. 
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Table 2  Standardized annual specific heat energy consumption 
qst, kWh/m² Heating period 
2011 2012 2013 2014 2015 
Average 221.1 230.7 221.7 268.9 226.3 
  
The values include heat energy consumption for the domestic hot water (DHW) and heating according to an each 
heating season.  
Table 3 Standardized annual specific heat energy consumption for the heating and hot water preparation.   
Qst, kWh/m² Heating period 
2011 2012 2013 2014 2015 
Heating 178.9 186.2 179.5 182.7 181.5 
DHW 40.4 43.4 41.1 41.3 45.6 
 
In Table 3 there is provided data on the specific heat consumption during the year. The data to be correct, there 
have been taken into consideration both the differences in the climat ic conditions during the heating period and the 
population changes. Analyzing the obtained data, it can be observed that the average specific heat energy 
consumption, kWh/m², is not significantly different, fluctuating between the values of 179 kWh/m² up to 186 
kWh/m². The similar dynamics of the heat consumption  has been observed for the hot water preparation, however 
during the last analyzed heating period there had been seen an augment of the heat energy consumption by 9% 
comparing to the previous heating period average value. 
Table 4 The average annual standardized specific heat energy consumption for heating according to the buildings series. 
Type of standard design Number of 
buildings 
Standardized specific heat consumption for heating, kWh/m² 
2011 2012 2013 2014 2015 Average 
103 4 164.2 165.3 155.6 161.8 152.4 159.9 
602 10 143.3 152.8 149.1 150.6 149.0 148.9 
318 14 194.0 200.4 198.2 201.1 201.8 199.1 
Special design 9 194.1 205.3 196.3 200.3 203.9 200.0 
119 13 177.5 183.3 172.7 175.2 171.1 176.0 
 
In  Table 4 there is analyzed  the average standardized heat energy consumption according to the buildings series. 
In determination of the average values of heat energy consumption in the respective heating period, the number of 
degree days has been taken into consideration. Analyzing the obtained results , it can be concluded that the highest 
rate of the specific heat energy consumption refers to the building series 318 and buildings of the special project, 
compiling an average values of 199.1 kWh/m² and 200.0 kWh/m² respectively. In Table 5  there is compiled the data 
on the average heat  consumption for the hot water supply in MWh per person. 
Table 5.  The average heat consumption for the hot water preparation (DHW – Domestic hot water) 
Type of standard 
design 
Number of 
buildings 
Average heat consumption for DHW, MWh/pers. 
2011 2012 2013 2014 2015 Average 
103 4 1.61 1.62 1.53 1.54 1.77 1.61 
602 10 1.42 1.49 1.43 1.46 1.60 1.48 
318 14 1.16 1.21 1.14 1.17 1.26 1.19 
Special design 9 1.26 1.31 1.23 1.24 1.34 1.28 
119 13 1.38 1.46 1.34 1.37 1.55 1.42 
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Analysing the obtained data, it can concluded that for the 5 years the average values haven’t changed 
significantly. However, slight reduction of heat consumption for DHW was achieved in  2013 and 2014.  This can be 
explained that in some build ings hot was temperature was reduced till +53 °C.  A fter detection of several cases of 
infection with Legionella pneumophila bacteria, hot water temperature was set back at +55 °C in 2015. 
5. The actual heat energy consumption in renovated building 
In order to demonstrate the effectiveness of the building renovation, there has been picked up the renovated 
residential build ing for the analysis. The chosen building is of 602 series. The external enclosing structures are the 
reinforced concrete panels (before the renovation). During the renovation there were replaced windows  (U = 1.8 
W/(m2K)), entrance doors, insulated the external enclosing structures  (U= 0.35 W/(m2K)), rebuilt the heating system 
where there had been constructed a two-pipe heating system, with the ability to adjust heat carrier flow and had been 
installed allocators on the radiators.  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3  Specific standardized annual heat energy consumption in a renovated residential building 
 
Analyzing the Figure 3 data it can  be concluded that the specific  standardized annual heat consumption for 
heating does not exceed the 73 kWh/m², but fo r the hot water the value of  44 kWh/m². The average specific  
standardized annual heat energy consumption value for heating in a renovated residential building is less than 59% 
in comparison with an average standardized specific heat energy consumption  value of the residential build ing of the 
series 602, respectively compiling the value o f 61.2 kWh/m² in the renovated houses and the value of 148.9 kWh/m² 
in non-renovated houses. The specific standardized annual heat energy consumption for hot water preparation is also 
15% less in comparison with the average values of the same series of residential build ings , compiling the values of 
38.9 kWh/m² and 45.7 kWh/m² respectively. 
6. Discussion of the results  
Analyzing the heat energy consumption for heating and preparation of hot water during the researched period of 
time, it can be concluded that the consumption has not changed significantly with values fluctuating in the range of -
5% to + 15% of the average consumption. The average specific standardized annual heat energy consumption 
constitutes the value of 233.74 kWh/m². For the analysis there have been chosen non-renovated buildings, where 
there was carried out the minimum energy efficiency improvement measures (the partial replacement of windows 
and entrance doors). 
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Fig. 4 The specific heat energy consumption 
 
Fig.5 Heat energy consumption 
 
In the residential houses, it can  be observed a considerable difference in the heat energy consumption in  
comparison with the heat consumption of the same residential buildings series. Accomplished energy efficiency 
improvement measures enable to save the considerable amount of the heat energy, even up to 60% for the heating. 
The heat consumption for DWH is at the same range for renovated and not renovated multi apartment building.  
7. Conclusions 
1.  The massive information campaign on buildings renovation was launched in Latvia since 2010. The 
approximate number of dissemination on building energy efficiency activities for inhabitants  can be at least as 
350 since 2010 or 58 per year.  
2. The heat energy consumption is not the same during the year. Its maximum values are being reached in the 
winter period, decreasing dynamically, its minimum values are being reached in summer period, when the heat 
energy is supplied only for the hot water preparation. On the basis of the results obtained, it can be also stated 
that the average annual specific heat consumption is 233.70 kWh/m2. 
3. The specific standardized annual heat energy consumption for the heating is not significantly different during 
the five years period, its values fluctuate in the range from 179 kWh/m² up to 186 kWh/m², compiling an 
average value of 181.76 kWh/m². A similar consumption dynamics has been observed for the domestic hot 
water, where the average value during the five years period constitutes  is 42.36 kWh/m².  In the last year has 
been observed heat energy consumption rise for hot water preparation, it is related to the domestic hot water 
temperature increase from +53 °C up to +55 °C because in 2013 – 2014 were detected several cases of 
infection with Legionella  pneumophila bacteria. 
4. Comparing the standardized specific annual heat energy consumption for the hot water preparation in a 
renovated residential building with an average heat energy consumption in a non-renovated house, it can be 
concluded that there are no significant differences and the difference varies ±15%.  
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